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Abstract

‘J’his paper  summar izes  lhe design and dcvclopmcnt  of a 4-frequency sdcctivc

subrcflc,dor  (FSS) for ~he N A S A  Cassini high  ga in  an tenna  (1  IGA). Spc.c.ifica]ly,  two

lNS/J IGA design approaches were considered for mulf iplcxing the four frequency bands (S-

,X-, Ku-, and Ka-band)  of the Cassini  Pmjcd.  in the first approach (with two transmit and

two reflect bancls),  a double scrccn l:SS  with double ring patch clcmcnts  was dcvclopd  to

transmit Ihc S- ancl Ku-band signals and to reflect the X- a]]d Ka-band signals. 1 lowc.vcr,

t h i s  liSS  prc.scnts  rclalivc]y  high insc]lioll  l o s s  a t  t he  S -band . ‘I”hcrcfolc, the Second

approach (wjth one transmit and three reflect bands) was dcvclopcd,  using  a single  SCIC$CzII

l;SS  wjlh  doub]c  square loop slot clcmcnls to Iransmit  the Ka-band  and to rc.fled the S-,

X-, and Ku-band waves. Significant improvcmc.]~t  in Illc  S-band insc.rlion loss is obtained

wjt h this sccon d approach. 1 Iowc.vc.r, it will rc.quirc a  dua l  r e f l ec to r  shapjng,  study to

optimize the subrcflc,ctor size fo] minimizil]g  tllc spi]lovcr  and b]ockagc  lossc.s.
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1, Introduction

A frequency selcctivc subrcflcctor (l~SS)  is often cmp]oycd in IIIC reflector antcmna

syslcm  of a communication satellite [1-3] or a dc.cp space exploration vchidc  [4-7] for multi-

band operations. In the past,  two-bane] lRSS we.rc  clcvclopcd for the high gain antenna

(1 IGA) of Ihc Voyager spacecraft  [4] and Ihc ‘1’rackil~g and l>ata l{c]ay Sa{c.llitc SysIcm

( ’1 ’1>1{SS)  [1], Currcnt]y,  NASA’s Cassini IYc)jcct  requires fhc usc of multiple radio

frc.qucncics at S-, X-, Ku- and Ka-band  for scicncc investigations and data co]l~l~l~lllictitiol~

links. A sing]c  1 IGA with an l~SS subrcflcctor,  as ilhstratcd  in l;igulc  1, is  proposed to

allow a Casscgrain  configuration at X-band (7.2, and 8.4 G}lz) and Ka-ba]ld  (32 and 34.5

G] lz), and a prime focus configuration at S-band (2.3 G] 17,) and Ku-band (13.8  G] Iz).  la

l-lcfcrcnccs [5,8],  both  sing]c and double scre.c]]  l:SSs  wc.rc de.sig]]cd  Ivith (loll[)lc-scj~la]c-loo])

patch c]cmcnls.  ‘1’hc pcrforma]~cc  of these 1/SSs arc su]nmarizcd  in ‘J’able ] aJ)d ]] for the.

sjnglc  a]){]  (1ou[)]c  SCI.C.e,J)  1;SS, rcsprxtive,]y.  If was  IIotc,d  Illal Ihc. 10ss in the S-band is rathc.r

high but it could bc rcduccd significantly by anolhcr  l~SS clcmcnt  design. ‘J Icrcforc, lhc

objcctivc  of this study  is to dcvc]op  nc.w 4 - f requency  l~SSs with significanl]y  i m p r o v e d

l)crfolmancc  in the S-band whi]c maintainilig  comparable pcrfomancc  in ihe other lhrcc

(X/Ku/Ka)  bands.

‘J’wo  INS/I IGA clcsign  configurat ions arc studicxl  and prcscntcd  in the fol lowing

sections. JJI Section 11, the first design (t\\~o-llal~sjllit/t\  \~o-lcflcct band l;SS) approach is

dcscribcd  by using double scrccn  l~SS with doub]c  ring patch clcmcnts  to Iransmit  the S/Ku

band waves and 10 rcfjcct the X/Ka band wave.s. ]JI Section 11], another approach (onc-

tlansmil/  three-reflect band IWS) with  a single scrccn and (lollblc-s(~llarc-loo])  (11S1,) slot

clcmcnt  1/SS is demonstrated to transmit the Ka-band  waves and to rcflc.ct  Ihc S/X/Ku band
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waves. A wavcguide  simulafor  test condudccl  in the S-band for this single scJ”ccn l;SS  is also

dcscxibcd.  The final section includes some concluding remarks and several rccommcndcd

futulc tasks for this Icscarch projccl.

11. ‘J’\vo-’l’lallslllit!J’\\’o-l<cflect  ltand l;SS

‘J’hc first 1+SS/1 ICTA configuration considered is the t\\’o-t]a])sl~li( /t\\’o-]e.fleet band case

as i]]ustratcd in ];igurc  1. A flat pane] 1;SS with  doub]c-ring  (])]{) c]cmcnts  was  des igned

and fabricated with a Kcvlar honeycomb as shown in l~igurc  2, As was pointed CJU1 earlier

this is a two-scrccn  l~SS approad. ‘J’hc  front  1;SS (also called the Ka-add-on  1;SS) is a low-

pass 1;SS, i.c, reflecting Ka-band  but transmitting S-, X-, and ]{u-band  si~na]s.  “J’hc back 1(SS

is a 3-frequency 1+SS, i.e. reflecting X-band but transmitting S- and Ku-band signals. ‘1’hc

analysis for the IIR 13S was dcscribcd in [6,7]. l{cprcscntat  ivc prcdictcd and mc.asu  Id 1:SS

transmission rcsu]ts arc shown lICJC to prove the validity of the a’ilalysis  software and design

approach.  Results  will bc given first for the sing]c scrccn 1;SS thcJI for lhc doub]c scrccn

1’Ss.

liigurc 3 shows the Ka-add-on  }iSS design  with  IIR patch c.lcmcnts. “J’Jlc 1>1{ p a t c h

clcmcnt  array is ctchcd  on  a 0.005 cm thick Kapton sheet with 1 micron thick copper and

then bonded 10 the Kcv]ar honeycomb sandwich, ‘J’hc n]cas~]rcd  and computed transmission

characteristics of this 1:SS arc also plottd  in l;igurc  3. only rcprcsentativc  transmission

rcsu]ts al 30° arc given here to demonstrate the good agrc.cmc.nt  bctwccn  the computd and

measured  da ta .  Simi]ar]y,  ]:igurc  ~ shows the 1>1{ c]cmc.]lts  design and the compariso~l

bctwcc.n  the computed and measured transmission of a ~-frcqucnc.y  l~SS with a I<cv]al”

hoJ]cyconlb,  Note that the resonant frc.qucncy is very C 1 OSC to the clcsignatcd  8,4 G] IZ for



Id) ‘1’13 and TM polarizations even wl~cn Illc  incident ang]c  is clanged from normal  to 45°.

only rcpmscmtativc  measured data al 0° (normal) incidence is given  here to clcmonstratc

tl~c agrccmcnt  bctwcc.n  tl~c computed and measured data. ‘J’llis verifies tllc accuracy  of tllc

analysis and tl~c design  approach+

hTcxt,  II]CSC two single screen IKS WC.JC  bet]]  bonded to a 1.905 em thick Kcvlar

honeycomb resulting in a double-screen 4-frequency l;SS  as depicted in l;igure  2. Since tllc

two screens IIavc  different lattice geometry, tllc following  single-mode cascading approacl~

was  employed  to get a first order assc.ssmc.llt of Illis clou{l,lc-scrccn  1“SS’s  pe r fo rmance .

Consider tllc double-screen l;SS  as shown in l:igure  2. l~irst, onc divides tllc l;SS  al tllc lnid-

planc of tl~c Kcvlar ]loncycomb.  Upwards from il~is midd]c plane is considered tl~c first l~SS

scrcc.Jl  section, and below this plane is Illc  second  1/SS screen scctioll.  1 iacll  l;SS  section can

be accmralcly modclled  by tllc single  scrcc.n  l~SS a n a l y s i s  d e s c r i b e d  ill [6,7]. Since Illc

dividing plane is electrically far from tl]c  1;SS grid  and lI)c 1;SS clcmcnt  spacing is less lllan

a l~alfwavclcngtll,  one can assume ~llat  only tllc 011]  ordc.r  mode is significant. ‘J’l]us  one lnay

IJcxt cascade tllc two sc.ctions  by Cmnvcrting  tllc scattering matl”ix  [s] from cacll  sccjtioll  10

a transmission matrix [t] and multiplying Il]c rc.suiting [1] matrices, ‘Ilc final [t] matrix

l)]oducd  is tl~cn converted back to a scattering matrix, wllicl~ yiclcls l]lc transmission and

rcflcclion  coefficients for tllc double  scrccJ]  1;SS.

l;igurc  5 shows tllc comparison of the computed and mcasu rcd transmission rcsu]ts

for this doub]c  scrccn I~SS. ‘Ihc good  co r re l a t ion  bctwcc.Jl  tllc two results  verif ied Illis

cfficicnt  cascading approad.  ‘J’J~c discrepancy al Ku-bancl may be attributed to tl~c omission

c)f tllc anisotlopi~  pIOpCXty  of lhc ]<cv]a) ho]]cycomb in tllc Illcorclical  model,  ‘J’llc  insertion

losses of this double-scrccn 1;SS at all tl]c  Cassini  frcqucncics  is summariz.cd  ill ‘J’ab]c 3. As



As compared to “J’ablm 1 and 11, little improvement is oblainecl at S-bancl. I’hcrcforc, the

scconcl approach, to be clcsuibed in nwt section, was investigatecl.

111. O])e-rJ’ra])sl)~  ifrJ’l]]”cc-I{cflcct Band 1/SS

l;igure 6 illustrates the configuration of a 1 I(;A with the ol~c-tlal~sl~~i t/tlllce-reflect

band IWS. in this case, Ihc l;SS passes the Ka-band waves while rcrflcding lhc S-, X-, and

Ku-band waves. ‘Jlis l;SS, as dcpictd  ill l~igurc  7, consists of a sing]c  scrccn 1>S1. slot

c.lcmcnt array  cfchcd  on a 0.005 CJU thick Kapton  subslratc  ancl tllcn bonded onto a Kcvlar

h o n e y c o m b .  ‘J’l]c analysis of tl~is  1SS is as same as that dcscrilmd  in [5]. ‘JIIe complltcd

transmission performance of this single scrccn IiSS is plot (cd ill 1 ‘igurc 8 as functic)ns of Illc

incident ang]cs and polariz.aliens. As can be seen, tl~c pass-band of tl~is  l;SS is c.c.ntcrexl at

33 G) lx indcpcndcnf  of Il]c variation  of  incident  angles and polariy,ations.  ‘J’llc  inscrlion

IOSSCS of tl~is  IWS arc summarimxl  in “J’able 4 for all tllc Cassini  frcclucncics.  ‘Jlc loss al Ka-

band is tllc transmission loss, wllilc Il)c IOSSCS at S-, X-, and Ku-band arc rcf[cction  losses.

Note tl~at  tllc insertion loss at S-band is significantly rcduccd  to less than 0.01 dl~.

Rc<pmcntativc mcawrc.cl and computd rcsu]ts at 30° incidcmcc arc shown in liigurc

9. ‘J ‘he, good corrc]ation bctwccn the two Kwlts validatm  IIIC design approach. It should  bc

JIoinlcd out that lhc measured rcsulfs  at S-band were obtained using  Illc same wavcguidc.

simulator tcdn iqlle as de,scribcd  ill [9]. ]~jgl]]c j O jllllstrates  the l~SS  waveguidc  Ic,st sample

fabricated fox this mcasurcmcnt. hTotc only the ‘J’J \ polarization case can bc measured with

this (lolllillallt-lllo(lc  wavcguidc  simulator. ‘J ‘J~c mcawrcd transmission and rcflc.ction IOSSCS

at 2.3 G] IZ arc 29.4 cl]] and 0.29 d]],  rcspcctivc]y.  ‘Jlc computd rcsu]ts  arc 31 cl]] and 0.01

d13, rcspcctivc]y,  ‘1’l~c  condation  bctwccn  tl}c measured and computed results is fairly p,ood



despite the slight cliscrepancy which may bc attributed to the fabrication tolcrancc and

mcasumncnt accuracy limitations{

IV. Conclusion and l{ccoll]lllell(l,atiolls

‘J’w~  ~issfl-]~A dcsjg~~ ~ol~fig~lrati~]~s, i,~. I]lc t\\~O-tl”allSlllit/t\\~O-l’Cf]CCt  and ~h(! OllC-

transmit/tllrcc-reflect band approachm were succcxsfully  demonstrated. Good correlation

bctwccn the measured and com]mtccl rcmlls was obtained. ‘1’his prows Ihc validity of the

13S design and approaches ‘1’hc S-band 10ss is significantly imprcwcd by the second

approach.

approach,

Bccausc Ihc S-band fcecl is put in the Casscgrain fd location for the sc.cond

the subrcflcctm size is rclativdy larger to rcducc the spillo~’cr loss. 1 Iowcvcr, OJIC

n)ight  consider in fulurc  research projcds  rc.shaping the dual  reflector contour to rcducc

the spi]]ovcl”  ]OSS and to keep the subrcf]cctor  sin ma]], ~~C\TCJ”lh  C]CSS, both approac]lcs  give

acccptab]c  pcrfomancc  for the ~assini  l’mjcct.

It is also not cd that some discrepancy mists bctwcc.n  the measured and cmJnpu t ccl

rcsu]ts with the prcsemcc of the Kcvlar honeycomb. ‘1’his may bc attrhutcd to the present

1;SS soft\varc  not taking  into acco~lnl  the anisotmpy  effect of {hc Kevlar  honeycomb. ‘1 hus

onc might consider including this anisotropy  effect in the model for futu rc rc.swarch projc.cts,

‘1’hc research dcscribcd  in this papcrr  was

1  ,aboratory, ~alifornia  i n s t i t u t e  o f  ‘1’cchnology,

carrid out a t

u n dcr contract

thC  J e t  ]’]”o])u]sion

\vith  Ihc NTational

Aeronautics ancl Space Administration. ‘J’hc author wishes to thank ]h. K. woo and ]) J”. W

Rafferty for managerial support, MT. C. Chavc.z for performing all the )~leas~llcl~lcl)ts, and

h4r. cr. 1 lickcy for fabricating the Kcv]ar  honeycomb.
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F i g u r e 7. Configuration of the double-square-loop element ,
4-frequency integrated FSS with a Kevlar honeycomb.
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Figure 8. Computed transmission performance o.G the One transmit/three reflect 5and FSS.
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Figure 10, Photo of the test sample for the ‘~avc:~liclc  simulator test.


